The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

THE EXPLOSIVE REACTIONS OF GASES.
The Pressure Effect of the Spark Ignition of Oxy-hydrogen Gas.

By Rewmper Goto and Kingr Urakuso.

(Abstract)

It is a well known fact that an explosive gas reaction is followed by a sudden pressure
change. However, even if a record of any minute pressure change could be made. it would
be hard to deal with kinetics of an explosive gas teaction directly from the record. For,
according to the authors’ view, the reaction not only in a spark explosion but in a thermal
explosion, does not proceed homogeneously with respect to the gaseous phase.”  And further,
the pressure effect of the explosive reaction tends to be genemally attended by a vibration which
necessitates the experiments to be performed under the best possible condition to prevent the
vibration. Yet in a certain range of composition or pressure, a considerable vibration generally
takes place.

In order to observe the characteristic of such a vibration, the authors recorded the pressure
effccts of the explosive reactions brought forth by spark ignition of oxy-hydrogen gas under
varying pressures and compositions, using different vessels. The experimental apparatus is
shown in Figs. 1. and 10. For the pressure indicator, two kinds of mica membranes, {1} 0.09
mm and (IT) 0.24 mm thick, and both 3.0cm in diameter, were used. In each of about 170
records of the pressure effect thus obtained, a vibration is observed and the type of the vibra-
tion changes systematically according to the composition as shown in Figs. 11~17 and in
Table 2. The types of the vibration being classified into four groups—{AJ, [B), (C] and
(D] (or (D), the relation between each type and the experimental condition, especially the
composition, is summarized in Table 2. The results are explained thus :

Type (AJ: As in Figs. 3, 14, etc., a single or several impulsive vibrations with a large
amplitude and an extremely short period were observed in the case of the ratio of oxj'gen to
hydrogen, 4:1 to 1:4.

Type [B): To this type belongs a somewhat regular vibration, such as in Fig. 17,
whose [requency is 500~1500sec™'. The frequency seems to increase as the concentration of
hydrogen is increased.  Consequently, it seems probable that the vibration corresponds to that
proper to the gas column in the glass tube {0.7 mm in diameter and 27 cm in length) con-
necting the reaction vessel with the pressure indicator.

Type (C): A completely regular damped vibration is of this type, which tends to appear

at low initial pressures. With the rise of pressure, it becomes superposed on that of Type B,

1) S. loriba and R, Goto; Proc, Imp. Acad., 16, 218 (1940).
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its amplitude coming to be smaller (Fig. 17). The frequency of this type is about 2000~6000
sec™', which may be that of the vibration of the mica membrane itself.

Tt is presumed that the energy source of the vibration of Type [B] or [(] comes from
such an impulsive pressure effect represented by Type CAJ (or what is lower in- intensity),
which is directly related to the explosive process of the reaction. It is suggested that such a
process of an explosive reaction has some periodic nature in its pressure effect.

Type (D) : 'The vibration observed intermittently in the part of pressure rise with excess
of oxygen, as in Iig. 8, belongs to this type. This vibration can not be observed in the case
of the thick mica membrane (IT), its amplitude being small.  This type of vibration is con-
sidered to be a variety of Type [A]J as well as of Type [1D"], which is observed as a dotted
line in the part of pressure rise in the case ol hydrogen excess.

It is concluded that, of those four types, [A) and [D] (or (D)) are directly related to
the explosive reaction itself, while (B]) or [C]] corresponds to the forced vibration proper to
the gas column or the mica membrane brought forth by that of {A]J or [D).

Chemical Institute,

Kyoto Imperial University.
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1) Hinshelwood: “ AZnetics of Chemical Change” Oxford. (1940).
2) Semenoff: “ Chemical Kinetics and Chain Reactions” Oxford (1935).
3) 8. Horiba and R. Goto: Proc. Imp. Acad., 16, 218 (1940).
WG~ 114k, 61, 1083 (R315).
4) Bone and Townend; “ Flame and Combustion” Longman Green (1927) p. 264.
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BB Y, BEOEBRIMITESNTI 5. Z LT 2 OMEIE 11 & LTREAFO MR
HIFCIKTHEZINZ LD TR 2 LEE~LNTESY PR, RN ARSI B %I
EMETIET DRI BT BT 2 L O TR D 245, Z DIRBFUZRHEN & 15~ BREER
HCEINT 25D TH DL, THLHOBMRIT, AFFEM MO TN 0 4  JE—HKIT, D
DMNPREE R TIE2H X RT3 0L B~ T.

ATIERIT B0 LSRRI TRL LTI LA b O TH 24 HEROMIIE &S
CRFHIIE D) GBSt 1 B A 7ed T, $HC T OIRBITER & JKIER DL £ DEIGIC 1R LT
BE it BRNEORIEN Y RELIOTHS.

R B i ®

WKL EREROMBTH 5. FWMTELTRYT 2 L A0 Y TH .
REE : EH-RTRDANRERRO b o P N0 Ito# s CE—RE) ¥ oI
DA D, TBRBRRECE VA, AMZOUME #HE Yt T L AFKOMM D TH 5.

Table 1.

# 5k ({1 ECIE
No., 1 7.3cm. 189¢c.
No. 2 7.9 2538
No. 3 07 392
No. 4 10.0 500
No. & 10,9 661
No. & 12,5 a1l
No. 7 12.8 1115
No. 8 13.7 13338

BASH: WMo TITE 2.28cm OFVUEIALMIE MO e, MO S (1) 0.09
mm, R (1) 024mm. OIHEXHIC . BTN L Ao Pizein iC{T 2 b2, HER
WOMGTHR VPIROMTHITIBE L. CoBmoh Sy L LA FHIRicHr ) 2~
2 SO & PRI 2 R LT LATHG 7. BERIM R dlic T % L MRS 2
i %, BT 01 de Kotinsky 4+ 2 > PO IITE O 2 LERIKIED I
3 B BRI L ORI RTINS W.) T OHOIICEE CRAERNIR) L b b O &S] |
L, ZORSHEY MG D o2 o, JEBm o MEERE ¥ iesk L.

BERISESR: i T OBIC & D OB BT A L b 0RO —IBELITL, 2O EER
NGRSO FIT AdLie. T clRoBGE LB #u 5585 59.5, /APLL 0.016 #57r 2

H) BRER: AHAM, 4513588, 9TT (AR15).
Coward, Hartwell and Georgeson ; J. Chem. Soc, 1482 (1937).
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By FEne.

BEERE: WRWNHRUTIE ) ORSE, RERERL R THIMAIEKLE S ©
EEERH F 8L, cohOZHOBERMY » XITKT, Fo74 D IKEEOP /T v~
A F (Vo saBarysny s 7 88x33cm.) LITHa L. Fv~<4 FEtoi
Fhgiit 2~bmfsec DFYETH Dic. 7 v = 4 FHULRA = 5 4 & ~FRHY (Eastman D-82)
K TBIR L.

RIEREER : DZRIORT R TIRIE = 1 4 TICE T 2TMIRTE N A
(7= KX 142) icfkclikL, coiti .
WERY Ry (20M2) ik 3EEHEHA T A . I—@-l
Bad=4 w7y i-yEOTH I Ryuiaoony Rat300) B
WAL, @ RBRICTRE L7, B — e
WIC N, 2B EABZ L, S. k3K
O KIEMB TR A . 4L 2 [
W R R TERIER Sy i D ORI D, %
OXHT v = 4 FE I PR ¥ [
ToRC R OTHS. S duTik AR 10
mmHg BEOKEXHALCTHS. THLRERITNOIGERORIE CHENBE LY BT 5.
W C X, MR~ -3y 5 vy~ E-38 BFEh 2uF EliEHE 2000V o T2 ¥
ABEACBER T

REAOXEBHEE—R S, CaRTHETA 2 =y 2a0omERkic Lo e
Feo (EARULTR 5.3nm.) KAEMIBRIE 0.2T mm. (2 icffi A LA B BEHR O 2 1tk Till ) ITffto
Je. TOBRBHNIIHEL RS ICHTRPICND, KIENTEE L R 2HRLD HDOT
REEA# 2 JE 1T T O ¥ D WHIEER TR LI W, TOXEERD: IR DFHEeom i
25.9cm, LAFDOK 21X Tmm. CTHD7e.

RERHE: RNV ZAMERTKERTWO Lo XY, 2k R LT RIS
TEBEL7ctk, Bk FEDIDH > 8:1;4:1;2:1;1:2; 4:1; 8:1 R 20A0RMGA
%, Haflor x@ichE~7.

RWERIRE . WD G, RU G, 201 2 MR L IcHiBRARE I oo i
AL, R2% G, B G, #[ABRICF 54 D WL, 03Hi0c v+ ¥ - 28 & FAc,
A4V FEZE N XA CTIRMAFITIS Byl 3 Actt, WU o vV ¥ - %BTlibic s
vt FERBUR T 5. CoOREET 20U, RUFENHOMMITRGA Y Ao, B
OBNEH L LTH & DR, KEAFOMNIZ— N L7 mol b k hikv 33
Bic, BGIOMIILIKH LT, o =RICRTRICHD TREN REHEiEans, K
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Fig. 3. No. 82. 1L.:0;=4:1, P=Tcmlg. (%328 No. S, #ft 1.)

AT LT MRS HMT R DT 3K N TR ZBUT/HEDOMEN X Wi LT (BN D 5.

" B & B
FiROTERILITIRT, Jx RO FICFNTORORILEIT 2 117 2o VLMW % 5
FTEBMUEDOME LDOTH . A HRIWERIE KIEDO KT IEN: L7eTH5> T T oo 11 g

ALK ORE Z o LTIG S, EWEERHRE N U2 & KIEBR & 5 ERIFISHES) 1025300

Fig, 4. No. 169, 11.: 0,=2:1, P=3.50 mmlIg (%38 No. 8, K 11.)

SN DHEREMR), M BEHRCIRIRT) 1SHSEW £ L OrETA D« b, —SUEEmENlA{iAfe T
2h0mMRRL. ZIEOWTEAESRTTRINRIEZDITH 2, coMFicinE
PR AREIATED, T ORI b HIEOEB Y M IOWI & LTl 2 X H#Td
D, PFLESL TOMEUN & EBREMTE PILBEEE T 2 &, BRHITHIR R 2B IR 430
Lo, Loxoibic, BRHECIHED AL —FHBILTEZ LD LENLNLLIOTUT
ICATHICZ OIS TES L TR R R iEmicEs Lo lbe 5 L Ba.

B T IRAL R e RS B b (IR ~ ST LR ) ST % &, RoMNMICR 5.

A B Ui BT U T 2 TR HREI T, 2 Ol & MWL ARINTH D
TALIE—HEIC Ha: 0, lLAs 4:1 b 1:4 oA CHL, colilsh S:1 &4 1:8

ORI IR . DR OB E TR 2 0T 3 OTH S

BB HPBI I RO X fe 3R T dREE 500~ 150080~ BN L DTH % WA
il R AT 8- LI £ OfUEM R A O TH S, URETRIEO i b 2 DRE L7 b

DOHLHAND.
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CR&: R 5000~600085~" o faidd> THLUNN Iz diRiBH T, FEMUlsI an < BRIPRENIL o 1 1c HE
FLTEIL b, 95N L i oI BN b T 5.

D& MUK H:0.=1:8 QU e HOREOE IO BT it-oThE) I iz F)
Hkﬁ$®@bgmﬁv%@M%uL(mAMKU piuliE). ZEDMEWERHITT 5. Ha:
0,=8:1 OYHICZ OIES 1 SFBICEED & 12 IR Inihito BREUIRBIEEH 5 G ARD $ DR
BHLILLDEE~LNIZDT, ZERICD WEFIHITT 2.

o R~ B O B RAE TR No. 2 oI AFITN T, KIMRoMLE, R IcsE~
B EORMPRERT LDOTH %, S ZHEOIRIRIN & WEET & OMIRE IS 2 & 48
TROPRERS 7.

Table II.

" No. IL.: 0, | P, mm d 1% %% V mfsec ® o B X [
18 2:1 | o 1 0002 | o0.03 87 Ay« “g;‘g{’&)’@
19 2 2 0.002 0.006 43 A c )
20 s » 3 0.000 0.005 52 A C
21 # # 4 0.000 0.004 65 Aj; C
22 » » 5 0.001 0.004 65 A C
23 4 2 6 0.001 0.005 52 A C
o s 4 7 0.001 0.005 52 A C
25 # s 8 0.001 0.006 43 A: C
26 2:1 35 1 0.001 0.003 ST A C
o7 s » 2 0.001 0.002 130 A C
28 2 4 3 0.001 0.003 87 A C
2 # 2 4 0.001 0.002 87 A C
30 s 4 5 0.001 0.003 87 A C
a1 » # 6 0.001 0.002 12 A C
32 z # 7 0.001 0.003 87 A C
23 > 2 8 0.002 0.004 65 A c
34 1:2 25 1 0.001. - | 0.005 52 A; B:C
35 s 4 S 0.002 0.006 43 A; B:C
36 z 2 3 0.002 0.007 37 A;B: C
37 2 4 0.002 0.005 52 B
38 2 4 3 0.003 0.007 37 B;

39 > 4 6 0.002 0.006 42 B:
40 2 2 - 7 0.002 0.006 43 B;
41 4 » 8 0.002 0.009 29 A: B:C;
42 1:2 35 1 0.001 0.004 G5 A: B C
43 4 4 2 0.002 0.004 63 A: B;C
44 4 3 0.001 0.005 52 A;B; C

o ERIERS LIES L R0ES L1 & E ol
b A MBRIEK 2R3 o
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Fig. 5. No. 3d. He:0,=8:1, P=8cmifg (%:2§ No. 1, I 1.)

[ad
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Fig.igr No: 84, 1L:0.=2:1, P=050cemllg (%2 No. 1, #HI% 11.)

Fig. 9. No. 7. I;:10,2-1:8, P=Tcm (%% No. 8, #I%)

Rev. Phys. Chem. Japan. XVI, I'p. 34—35.
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Fig. 11. No. 143, 1f.:0,=8:1, P=15cmlg
(#:9% No. 2, 7p I LUFRED

-

Fig. 12, No. 145, 1L :0,=4:1. P=10cmlig Fig. 13. No. 151, [1,:0,=2:1, P=TcmHg

-~

PUSE 22 Kby 2 au,ey, Tesn' Prees

Fig. 14, No. 154, 11,:0,=1:1, P="7cemlig Fig. 15. No. 158, 1:0,=1:2, P=Tcmlig

— T . - - —

Fig. 16. No. 163. 1L,:0,=1:4, P=10emlig Fig. 17. No. 165. 1l,: 0,=1:8, P=15cmlig
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15 s z 4 0.002 0.005 ] A; B; C; D/
46 s s 5 0.001 0.006 13 As B; C; D/
7 z » 6 0.001 0.005 52 A: B; D/
48 z # 7 0.001 0.005 53 C;
49 » # 8 0.002 | 0.007 ar B; D’
50 2:1 25 S - 0.004 65 C
51 1:1 35 8 — 0.002 87 C
52 1:2 s 8 0.000 0.006 3 C; D/
53 1:2 4 1 - 0.003 87 A; B; C; D/
54 21 » 8 — 0.003 87 Aj C; D/
55 8:1 80 1 — 0.910 26 n’
56 » 80 5 — 0.000 29 3%
57 » 4 8 0.004 0.012 20 D’
58 4:1 10 1 0.002 0.002 87 A C; D’
59 > 10 5 0.001 0.004 65 Aj; C; D’
60 z 2 [y —_ _ — n’
61 = 2 8 0.001 0.005 52 A; B; C; D/
2 1:1 25 1 - 0.003 ST 0 Ay - O D
63 4 4 5 — 0.004 65 A C; D/
64 z » 8 0.001 0.005 53 C: D/
65 » 35 1 0.000 0,002 130 A C; b’
66 # 4 5 0.000 0.003 87 A Cc; D’
67 » s 8 0.001 0.004 65 C; D
63 1:4 40 1 0.002 0.008 a2 I 1Y
69 z s 8 0,002 0.014 18 B D/
7 # 8 — 0.015 T B; 3l
7 » z 5 - 0.012 2 B; n/
7 1:8 S0 1 — 0.002 8 i D
3 » » 5 —= 0.066 1 B D N
T4 » - 8 — 0.081 3 B: D &2
75 > 7 8 — 0.077 2 D
6 s 50 $ — 0.072 4 D .
™ 8:1 | 120 s 0.0047 | 0.0091 29 B BRI
78 4:1 7 1 0.0018 | 0,0024 108 A:B; C
7 » 100 1 0.0013 0.0023 112 A: B3 C
80 » 120 1 0.0014 | 0.0024 108 A;B;C
si » 40 S 0.0034 | 0.005 5 1: ¢
52 z 7 8 0.002 0.006 43 A; B C
83 » 100 S 0.002 0.003 87 A; B C
4 2:1 35 1 0.0023 | 0,008 9 C;
85 # 2 S 0.0022 | 0.0036 7 C;
86 s 50 1 0.0014 | 0.0024 108 A o
87 s > 8 0.0025 | 0.0037 5 C;
G » 7 1 0.0009 | 0.0014 185
$9 » s s 0.0016 — — A; c
90 2 100 1 0.00087 | 0.00144| 180 A c
91 » 2 S 0.0014 — — A; B
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2 1:1 35 1 0.0015 | 0.0023 13 A c
a3 v » 8 0.0029 | 0.0041 61 c
94 s 50 1 0.0012 | 0.0019 137 As c
95 » s S .| 00021 0.0021 84+ | A:B:C
96 s 70 1 0.0011 | 0.0017 153 A; B; C
o7 s » 8 0.0013 | 0.0024 108 A; B; C
93 # 100 1 0.0009 | 0.0015 b A: B: C
09 » s 8 0.0013 | 0.0033 .78.5 AiB:C
100 1:2 35 1 0.0032 | 0.0042 62 A:B: C
101 s » S 0.0038 | 0.0061 42,5 B: C
102 s 50 1 0.0023 | 0.0026 100 A: B3 C
103 2 s 8 0.0040 | 0.0053 49 A; B;C
104 » 70 1 0.0014 | 0.0025 104 A:B: C
105 » 70 S 0.0627 | 0.0047 55 A; B: C
106 # 100 1 00014 | 0.0021 12 A; B: C
107 s » 8 0.0025 | 0.0052 48 A:B: C
108 P:d 40 8 — 0.017 15 B
109 » 7 1 0.003 0.008 32 B
110 » » 8 0.005 0.014 19 A; B
111 s 100 1 — — - B
112 s P s 0.009 0.031 8.4 B
13 » 120 1 0.004 0.0011 a6 ;¢
114 > » s 0.0008 0.0021 124 B; C
115 1:8 6.4 1 — 0.03233 7.8 B:C
16 s 50 S — 0.067 2.9 B
17 s 100 S - 0.065 4.0 B
118 2 120 8 — 0.061 4.3 B LR No. 139
119 2:1 | 200 3 0.013 | 0.025 10.4 ’%H:_F SR
120 1:1 | 144 1 0.0029 — 89
191 > » S 0.0035 | 0.0078 B: C
a3 # 166 1 0.001S | 0.0052 5 R
123 » s 8 0.0045 | 0.009 29 B:C
124 2 | 120 1 0.0024 |. 0.004 65 A:B:C
125 » » 8 0.0028 [ 0.0075 25 A: B: C
126 » 100 1 0,002 0.005 59 B; C
1927 » > s 0.006 0.009 20 B: C
128 1:4 | 150 1 0.004 0.008 92 B; C
129 » » 8 0.005 0.014 18.5 B; C
130 s 200 1 0.002 0.007 37 B .
131 » 2 8 0.003 0.012 20 B
122 116 | 150 1 0.0056 | 0.022 2 B
133 > » 3 0.0122 0.0394 6.6 B
134 s 200 1 0.0106 | 0.0197 13 B
135 » z 8 0.0059 | 0.0402 6.5 B
136 1:8 - 1 — 0.043 6.0 B
137 » s $ — — — B
138 . 250 1 — 0,044 5.9 B
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12 » » 3 0.011 0.050 3.2 B N'{] llfcf}‘{!:
140 S:1 150 2 0.0020 0.0022 118 B: C (i B M i 340)
141 s » » 0.0015 0.00:34 w6 3 C NaCl
142 > 0.0025 0.0047 55 B KBr
143 » > 0.0034 0.0060 5 B KI
144 4:1 100 » 0.0023 0.0032 SL5 A; B: C "L
145 » » > 0.0011 0.0020 180 A:B: C NaCl
146 » » » 0.0016 0.0024 108 A:B: ¢ KBr
147 » > » 0.0012 0.0021 124 A; B; C© KI
148 2:1 70 > 0.0008 0.0015 173 A « 7L
149 s » 0.0010 | 0,001 185 A G NaCl
150 » » » 0.0007 0.0014 185 At < KBe
151 » > 0.0013 0.0016 160 Aj C KI
152 1:1 4 4 0.001 0.002 130 A; B: € L
153 s » » 0.001 0.008 130 A; 3. C NaCl
154 ? s > 0,001 0.001 260 A; B; C KBr
155 4 2 4 0.001 0.001 260 A; B; C KI
156 1:2 z 4 0.002 0.00:3 |7 A; B; C L
157 2 > > 0.002 0.003 ST A; B: © NaCl
15% » » 0.001 0,003 8T A; B; C KBr
159 > z > 0.001 0.002 13 A: B; C KI
160 1:4 100 > 0.002 0.006 4 A B: C wL
161 » » s 0.003 0.007 a7 A; B C NaCl
162 » > 0.002 0.006 2 A; B: C KBr
163 > > 0.003 0.007 37 A; B: C KI
164 1:8 | 130 » — 0012 20 B: C L
165 » > — 0.036 7.2 B: C NaCl
166 » - 0.056 46 B; C KBr
167 # » — 0.034 7.6 B; C K1

= =
N B 5 B M

WEERDO M & KAEERD S )L RO &AL 532 0BEH ¢ 1L 2RO I & 18 )y o R 1E
ICRTHIRT 250 TH 5. IHEEHNAGE W) UEE D K 2554 i KTEL 7 EFRIRE
IR b AR HAL S, T TILEEE NI, Een L B~bir s, WHEWLRIHED
WAICHED G DORME )i L3 U R RIRKEBRIN & B 22T, KB (I 0
3 oM MEOELNEI Gl v, #BicaT Kirkby-Wheeler o F¢Baas% G- AR T T 3 X
TE L FIRSIC KB T E LT 201, BV L (TBLT e 5. TiiiRINhiICL
WO AL A BN 2 VCHEYRT LOTH 2.

2 % @ B R
WL TE 2SI BEHROERIIC b hvwoTd 3%, £OEFMEOERIC 4<
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KD ZREO I & H A~ 6 v B S —RBFHEO BT IRENTIS C b O, KIG WK
FNIBORMROIENCIK S L 0T, HZic, BEREDOETRER ICUEMIFT 2 0Td 2.
W—RTH O REDBANBIK & KAEMGEIC (KTl & e BEMILRINET D TL T 35
LIRVWNTD D, TOB~OTFIC kil fiRaeskic BliL7e % MIREIMR i T-H%E LT 2.

a) A RUREhcEET.

WMot h bbb 2EkC A WERIENESOBINA DI H.: 0. oIt 4:1 55 114
filcdoT, KEATRELOBHICIET RACIRILS LRy, BIbKEREOEFRIT
MBHEIChe I BUL S WM 2B 5. ThdbBE~D &, T OfGRYEhIT EDOH S B
T 2b0TH6 5 LR IND. KITZ DRIOLIE R LFEFICA S nH B E R T b
D~ RO RIECH 2 45 (B~ RIS R BB O/ 2 W b DI%, ¥
[E)ic B2 TR L CHi%sIicBLiL 2 G- =D R © o iR vEEh o % i SLNRTESL L
A DTH 243, T OFDOMA CIELIWOAELALIRS IO b, (FRYEHREN O T
ETRTbOLHE~BND. Tildd H~b &, TOWRILAEBIEI) & 7> TRHMICE O
HoBWIMHESR) oML 45U CRIFNRHED MR ¥ EE L oL dHE~LHN
. LD M —R A L LR X R I Nhoml R 2T E(RB L, MWD
= REhL 2 I b o LT Ric LTl 2% 3. WL T, TOMRIEREHON
KU CRAE I e ThT S L7 T I B~ B it we.

b) B % 4

T OYEEEIZE DINWIIHICEDSTHH LD YD TH 3. F OHEHILH00~150085"
Ml e, HHEAROMURITRE TR M RS b 5. MNHEERA S VI Bt 4 <,
KHAEOREHHTIC ML CIRSIEAIML TR B, 1L2% OREIEUL L IRHRO I & 1T 13 ey
RCHDIEXRD L, TORBIIFRNOREOIREICEE TS LD L E~B 2.

O C W # . '

TORIYIRIT BRI L AP L TR b O TH 247, RIS ISR DT
ic, ThABA DS D, T OMREBILH VLT TILAY 2000 K TF 4000 R 7x 6000 &5
DT R L 7AW SO G I HIC 6000 fSEOMiE i Le. MHhioBRof:iTic#
THDIRICHZ D05, TOHRIMTLIHEASGORTIRMERT don s pHEHEIL L. (T
LI D& SHEMOBUCHETIA I v LB HIB I W) —RHITIE D) DI WIEIT 12 C S0 i
Bk & <, BRIAUNE WAt BELOR N L T BRIOAREASA L CMIL/h 2 < i 5 (51
LR M %

d) D % & )

CHUKEREOI 1:8 OBGT, L2 VREHKOMC IS O TGN
WD, 2o, MWL —ELkav. ToORBICE W THRICIZBISEEN LR ERL, 2D



The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

Neo. 1 TIE EXPLOSIVYE RFEACTIONS OF GASES 39

TR OB 0 THRe e C /U PDh GIS-1--LIED 24k, (T oo HITHR T, oioikick
AERGE & LI AR AR B . ) T o SELIN 7 R 6k % & W sl D 7e ki T
DI —IREIC, & DOYETTIT R TA R EI O/ 3 v b D & WART i85, L
ARITILL T, o &Eic/)h 3 {, ZIRRSBIORIISILA 2 v, MW E D7
WBoickt, TODRERHITIRN TR RV, ZRIERIESBEVET, BRI T o DRSS
EOTNDLDEE~ZNETHB.  fldLic LT H AR K DB GhIL LS sithe> anglic B
LILDMtiT, T MUMEKD AR CTH 2 CTIAOMTREMEZ L0 TH 2. 4, ANRE
DRYEEY X S MR NIO T RIS & B ~, [LOREEN A DHUK & S LTHE~2 L, K
HEADILA 18 OBRICIE DO ML, ERHHS , e DHEL LW L OB, KfITK
HORBBHTICRT, ZOREEFPEXHLIRAH 2: 1 BEECR L RS- fiLT,
WioAKHEORNGENT &, ERIRERIET 24 £ OHUENRIZIRY Lk v, b T ofrkic it
TERARD D’ OIS E BT B 2 Wik o Rligtts D 4, D IOl Lic b o
LE~LND.

WA DT AES) DK D AR b LT RO MUK IC K The D B3 L 200
bH~DE, TOMOIRMIEILMEDHETTE NI b U OBIED S 2EGC L2 5. L2 Eiko
I LRI IRIE & X T, A B D ukitk DY Mo HREN gL s © KA R TSSO M
ICIEBIRICHEIT (1 8~8: 1 OJEHICHAT) B2 L B HE S K~ L, THOMOR
KA R 1L A AN, DIRIERIE D RHIRENCT R & 41 2 B RIIESE X 4R 2 b o Lk
IS e, BIL—IREIORGIAEY THIVWODFHETD 5.

LCOM )RR EIC BT Skt skt MUK A AN K IEI KT W iiic ik 2 41, 2EiC
4 U 7/ REGHS KT MESR TR L 1T ¢ BRI RHET 2 b D - BE~b DA, Z0
kol i L ii)ic RghcETT T2 o Th T WIS B X BIR~L 2\,
HEFIFTHLOTCRAEVLEEARLIGR L TES.

Kirkby A&7 Wheeler® 3% (1884 XY Z O MO WFFIC (KX, RRIIGHTHININY e iR Ehod I 5
BEITIE T I KIB R B L2 L §iET 2 b0 TH oA MRI N, WEbiE LT

CRIGNTI DIETH % BEFIRICIRNLE T O ORI KIEOWENEL, BEIFN O KoL
THTRTER b, i T OMBIRRIT, KIS I & IXEASR & ORNT AT 2 MEEo Tk
EONDLNOEINTIS. RERICH THD LN BRRIZ CHE) & T O fiRihikkE
KRBT 2 b ohE b E~bN D8, KLk o, WIS MBh L2 LOTH
B. T BT CRHRINTES {, KIEDOHETTICITIEEIRT, AN DAOHRICH TH

BWaANFe RO LD TRV EE~DRY.

TR OF IR IR, —BCRIESM TR TIRTY R L1 2 15 iciE, Tostdix)s

6) Kirkby and Wheeler; J. Chem. Soc.,



The Review of Physical Chemistry of Japan Vol. 16f No. 1 (1942)

40 R. GOTO and K. URAKUBO Vol. XVI1

FEEICAZ N —EDLDOTIEAL T, &F
PEhoRWttE <@ toTh{Tik
ARV T b T ORBEMRENIL I O RS
Hohs, ARBVO WATIRENY & B TV |
CROTRE AT boTHoOT, W !
IEEBObS b AR DITK FVIRICTITES 7o v
WESRTE 5 RTAEBICR TGS | T e EREECE
AT IRBIBLRAS, RO FEIL T (K ) :
THEEEN D & RAHEE, T RAsEME
ORIk AR THHELTE, %
ORFARNIGIEY ) fe DIRFEELR 1 Ly i {25 4
ORI BT s HENERT 2 o &
Blhhz. ch ki zificit, KHo#
AR O EHTICIR DA L AR & %78
TL T2 & ewilikic HoTiRa v g
b5

3) HREEIKEIVR Y.

MEIRZ OoWiiRiciT. AITMEE
SEIT AR REIEGR & AIRBEIA T # 2
“IVEF LT LOMNTHED R0
ZHEMIRE LN TG 243, Fenning”? 41
Y27 Fx 7 ICHIETAIMNREELT riioy Trur i 1 i Exrivrior o
e b DR BHDOFICHICRT E G+ e e ¥
it ¢ R NOME LOTH . Fig. 18. (Fenning)

Aronst Hoael Cimiton o e oy [ 5’,3’;,_ -
v

(%% No. 5, #IX L)

7) Bane and Townend; “ Fame and Combustion” p. 294.
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